The aim of this experiment was to evaluate the effect of sources of trophic action (glutamine alone, glutamine associated with glutamic acid and yeast) associated with vaccination against coccidiosis on the performance and morphometry of the small intestine of broilers. In the trial, 1,200 broiler chicks were distributed according to a completely randomized design with a 3 x 2 + 2 (trophic action x vaccination or not + control -free trophic factor) factorial arrangement, with five replicates of 30 birds each. Vaccination negatively affected performance parameters and the morphometry of the intestinal mucosa, but at the end of the experimental period, among the broilers vaccinated against coccidiosis, the group fed glutamine presented better recovery from epithelial losses of the intestinal mucosa compared with the control groups. Therefore, the dietary supplementation with the evaluated sources of trophic action could be a strategy to enhance the development of broilers submitted to vaccine stress, also considering the economic viability of the productive segment.
INTRODUCTION
Feed intake is considered a limiting factor for broiler growth, and with this respect, the development of the gastrointestinal tract (GIT) has an important role. Although the GIT is anatomically developed during the embryonic stage, considerable alterations occur after hatching, as the proliferation rate of the enterocytes increases (Macari et al., 2002) .
The intestine is an important organ, responsible for the digestion, absorption and metabolism of the nutrients in the diet. It contributes with 9 to 12% of the protein synthesis of the organism and is one of the main sites where unknown antigens, including food proteins, natural toxins and invading pathogens invade the body (Li et al., 2007) .
Considering the demand of the consumer market, the need for research on alternative products has arisen, such as amino acids and nucleotides, which could substitute the antibiotics preventing productivity losses and health problems in animals (Rossi et al., 2007) .
Amino acids are essential substrates not only for the synthesis of proteins and other nitrogenous compounds, but also are key regulators of other metabolic fluxes (Jobgen et al., 2006) . Recent studies with animals and humans indicate that some amino acids play a key role in the maintenance of intestinal health (Amin et al., 2002; Wang et al., 2008) . However, little is known about the role of amino acids in the maintenance of gut barrier integrity, preventing possible enteric diseases (Wang et al., 2009) .
The amino acid glutamine participates in many metabolic processes, such as protein synthesis, gluconeogenesis, nucleic acid biosynthesis, immune response, and provides support for rapidly proliferating cells,
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including enterocytes and lymphatic cells, apart from its antioxidant function (Domeneghini et al., 2006; Wu et al., 2007; Wang et al., 2008) .
Nucleotides take part in cell division, cell growth and modulation of the immune system. In addition, dietary nucleotides can help in maintaining intestinal health, reducing the incidence of enteric diseases (Mateo & Stein, 2004) .
Coccidiosis is an enteric disease that can lead to considerable losses in poultry production. Annual world economic losses have been estimated as 1.5 billion dollars (Revolledo & Ferreira, 2005) , and in Brazil the annual losses are over 30 million dollars (Kawazoe, 2000) . When coccidia infect a broiler flock, it is difficult to control the dissemination the disease, due to the confinement of birds and the high stocking density in the broiler house, favoring the widespread contamination of the environment with oocysts.
Therefore, the aim of the present experiment was to evaluate the effects of the dietary inclusion of different sources of trophic action, such as glutamine and yeast, on the performance and intestinal morphometry of broilers vaccinated against coccidiosis.
MATERIAL AND METHODS
The experiment was carried out in Pirassununga, state of São Paulo, Brazil, and was approved by the Animal Ethics Committee under protocol number 04/01/2007. In the experiment, 1,200 one-day-old male Cobb-Vantress ® broilers, with average initial weight of 43.30 grams, were housed in a conventional broiler house.
A completely randomized experimental design in a 3 x 2 factorial arrangement (dietary sources of trophic action x vaccination against coccidiosis) + 2 control treatments was applied. Treatments consisted of: 1) glutamine (L-Gln) feed supplementation and no vaccination; 2) L-Gln and vaccination; 3) glutamine + glutamic acid (Gln + Glu) feed supplementation and no vaccination; 4) Gln + Glu and vaccination; 5) yeast feed supplementation and no vaccination; 6) yeast feed supplementation and vaccination; 7) positive control (feed with no trophic factors and no vaccination); and 8) negative control (feed with no trophic factors and vaccination), giving a total of eight treatments with five replicates of 30 birds each. Trophic factors were supplemented in the feed during the first 21 days of age. The birds were vaccinated against coccidiosis (BioCoccivet-R ® ) at 5 d of age, via eye drop, according to the manufacturer's recommendation (0.03 mL/bird).
The diets were based on corn and soybean meal, as shown in Table 1 , and formulated to supply broilers' nutritional requirements according to Rostagno et al. (2005) . In the grower and finisher phases, birds were fed a same basal diet. The levels of the trophic sources used were determined in earlier experiments of these authors (Sakamoto, 2009) Birds were vaccinated against Marek's disease at the hatchery, and against Newcastle disease and infectious bursal disease (Biovet ® ), via eye drop, at 10 days of age.
Birds and feeds were weighed in all rearing phases to determine their performance parameters (body weight -BW, body weight gain -BWG, feed intake -FI, feed:gain ratio -FG, and production efficiency index -PEI). Mortality and feed residues were also recorded daily to determine actual feed intake.
On days 7, 14, 21, and 41, two birds per replicate (selected at random) were electrically stunned and then killed by exsanguination, and eviscerated for the morphometric analyses of the intestinal mucosa.
Fragments of approximately 5 cm in length of each of the three regions of the small intestine (duodenum: from the pylorus to the distal portion of the duodenal loop; jejunum: from the distal portion of the duodenal loop to Meckel's diverticulum; and ileum: anterior portion of the cecum), were collected for the analyses of villus height, crypt depth, and villus:crypt ratio.
Segments were longitudinally opened at the mesenteric border, washed with saline solution to remove all intestinal contents and fixed in Bouin's solution for 24 hours, and processed until paraffin embedding according to Beçak & Paulete (1976) . Each fragment was submitted to semi-seriate cuts (5 mm thick) and stained using the hematoxylin-eosin method. In the morphometric study, images were obtained using a light microscope and analyzed using a digital image processing software (AxioVision -version 4.6 -Zeiss ® ). The height of 30 villus and the depth of 
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30 crypts in each segment were measured per bird. The data were submitted to analysis of variance using the General Linear Model (GLM) procedure of SAS statistical package (SAS Institute, 2002) . Means were compared by the test of Tukey at 5% probability level.
RESULTS
Trophic sources influenced (p=0.025) broiler feed intake during the pre-starter phase (from 1 to 7 d of age), the effect being greater for L-Gln than for Gln+Glu (160.21 g vs. 149.78 g), which, for its part, did not differ from the other treatments. There was an interaction (p=0.017) of the factors analyzed for feed:gain, and the best results for the factor trophic sources were obtained with Gln+Glu, independently of vaccination, but were not different from those obtained with the positive (non-vaccinated) control treatment, as shown in Table 2 .
In the starter phase (from 1 to 21 d of age), all of the evaluated parameters were affected by the Table 2 . Considering the effect of trophic sources, the groups fed L-Gln showed better BW and WG results compared with the controls. The groups fed the diets supplemented with Gln+Glu presented lower feed intake in relation to the groups supplemented with L-Gln and yeast. Therefore, the feed:gain ratio of the birds fed L-Gln and Gln+Glu was better than that obtained by the birds in the control groups. Considering the entire experimental period (from 1 to 41 d of age), BW, BWG, FI and PEI were influenced (p≤0.05) by the interaction between the factors evaluated. The factor vaccination directly influenced performance parameters, but at 41 d of age, the birds supplemented with L-Gln showed the best PEI values, followed by the groups fed diets with yeast and Gln+Glu inclusion. In the vaccinated groups, the group fed L-Gln showed an improvement of approximately 7.5% in PEI compared with the positive control group (361.53 vs. 336.43), and less than 1% for birds fed the other trophic sources compared with the control.
The morphometric characteristics of the intestinal mucosa (duodenum, jejunum and ileum) were evaluated on days 7, 14, 21 and 41. An effect of the vaccination on villus height of the segments analyzed was being observed since the starter phase: the birds vaccinated against coccidiosis presented shorter villi than the non-vaccinated birds, and this effect continued up to the end of the rearing period. The results of the morphometric analysis performed on days 21 and 41 are shown in Tables 3 and 4, respectively. 
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At 21 d of age, there was interaction (p≤0.05) between the evaluated factors for all the characteristics, except for villus:crypt ratio in the duodenum and ileum (Table 3 ). In the duodenum and jejunum, the nonvaccinated birds presented higher villi compared with the vaccinated birds, and deep crypts were observed in the vaccinated birds relative to the non-vaccinated birds. In ileum, both villus height and crypt depth were higher in the vaccinated groups compared with those non-vaccinated. According to the trophic source factor, birds supplemented with L-Gln showed higher villi in the duodenum and jejunum compared with the groups supplemented with yeast and Gln+Glu, with no difference in ileal villus height.
For the morphometric characteristics, there was interaction (p≤0.05) between the factors evaluated at 41 d of age for villus height in all segments, for duodenal crypt depth and jejunal villus:crypt ratio, as shown in Table 4 . Non-vaccinated birds presented higher values than vaccinated birds; however, this effect was not observed for the ileal villus height. Comparing the factor trophic sources, the groups supplemented with L-Gln and Gln+Glu showed better duodenal and jejunal morphometric characteristics compared with birds supplemented with yeast. Luquetti (2005) evaluated the effect of vaccination against coccidiosis and the supplementation of glutamine or of a probiotic in broiler diets. The author observed greater body weight gain at 21 and 28 days of age for the non-vaccinated birds relative to the vaccinated birds, suggesting an effect of vaccination per se on the integrity of the intestinal mucosa, influencing intestinal development. However, Maiorka et al. (2000) and Murakami et al. (2007) did not observe any significant differences in the performance of broilers supplemented with 1% glutamine throughout the entire rearing period.
DISCUSSION
With respect to the nucleotides, Pelícia et al. (2010) evaluated the inclusion of increasing levels of nucleotides in broiler diets, but observed no effect on performance of the birds at 7, 14, 21 and 42 d of age, 
